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Abstract 
　　 Deforestation is one of the critical issues in our global climate change era. It leads to two important environmental challenges, 
loss of biodiversity and increasing of greenhouse gas emission. Many efforts have been introduced, developed and implemented. 
However, a declining forest cover still presents. Since deforestation is a complex and intertwined issue, understanding its 
complexity and context on which it is debated is crucial. This paper aims at discussing some grand theories of deforestation, 
especially from economics perspective. The discussion covers the proximate-underlying causes of deforestation, the Environmental 
Kuznets Curve for deforestation theory, the forest transition theory and the land rent theory. For each, this paper elaborates their 
original notion, basic idea, empirical studies and policy derivation. Finally, comparable similarities and dissimilarities and their 
future extend are reviewed.
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1. Background
　　 Global society has experienced the damaging impacts of forest cover loss for a long time (Allen & Barnes, 1985). Currently, 
global forest cover continues to decline (Köthke et al., 2013). FAO (2010) predicts that the current annual global forest loss is 
about 13 million hectares accounting for approximately 17 percent of the total annual greenhouse gas emissions (IPCC, 2007). In 
the coming future, increasing global demand for food, biofuels and natural resources gives more pressure on forests (Carlson et al., 
2012).
　　 Deforestation has been attributed to various damaging impacts resulting in increasing global costs (Uusivuori et al., 2002). In 
micro level, deforestation is associated with fires, soil erosion, watershed deterioration and microclimate change. Globally, 
deforestation may cause negative global consequences: timber supply, hydrologic unbalance, biodiversity, global cycles of 
substantial elements and massive carbon emissions. 
　　 Deforestation is not just an environmental concern but also a multi-socio-economic-demographic one. Even now, it has been 
put in the global political agenda (Köthke et al., 2013). In academic fields, deforestation initiates an ever growing multidiscipline 
researches and studies (Damette & Delacote, 2012), either at the global, regional, national, sub national or site level. Deforestation 
is no longer a forest sector per se, but a multi-sectoral problem. Discussion and policy derivation on deforestation is ranging in a 
very wide spectrum. Hence, in order to help us in understanding its complexity and in what context a certain debate of deforestation 
is examined, this paper aims at overviewing some theoretical understanding of deforestation. Comprehending its theory is 
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substantial, not only for explaining the existing circumstances but also for predicting results and future condition of deforestation 
(Rudel et al., 2005). As one of the major global environmental issues, theories of deforestation are relatively infant starting from 
1990s. Furthermore, deforestation is mostly in tropical developing countries where society is so dynamics that theorizing 
deforestation will be quite challenging. 
　　 This paper begins the discussion by presenting some basic understanding on how forest and deforestation are defined by 
several well-known institutions. Knowing those basic definitions is very important for researchers in putting the context of a certain 
study. For policy makers, basic knowledge on these understanding is crucial when legal policy and strategy will be exercised 
further. The third section discusses factors, and how they are categorized, that influence forest cover change. It also elaborates 
possible relationships among explanatory factors of deforestation. The fourth part is about some theories on how deforestation is 
explained, especially from economics perspective. The discussion goes through the proximate and underlying theory, the 
Environmental Kuznets Curve for deforestation theory, the forest transition theory, and the land rent or land use change theory. 
Finally, review across those theories are discussed in the last section of this paper.
2. How are forest and deforestation defined?
　　 Forest and deforestation seems to be general terms that are commonly understood in everyday life. However, for the sake of 
science and policy, those terminologies must be clearly defined; and, definition must be measurable. Even though forest and 
deforestation are of our global major issues, there is no single definition agreed. The discussion in this section is mainly based on 
Schoene et al., (2007) with some updated information.
　　 FAO is a long established institution from which their data and definition on forestry sector are widely referred and utilized. 
FAO (2006) defines forest as a land spanning more than 0.5 hectares with trees higher than 5 meters and canopy cover of more than 
10 percent, or trees are potentially able to reach these thresholds in situ. In this definition, land that is predominantly under non-
forest uses is excluded. Another definition is developed by the United Nations Environmental Program/the Convention on 
Biological Diversity or UNEP/CBD (2001) who considers the same minimum quantitative criteria (minimum 0.5 hectares, crown 
over 10 percent and height of trees 5 meters) but excludes temporary un-stocked areas. The United Nations Framework Convention 
on Climate Change or UNFCCC (2006) also develops a little bit different measures by using range values (minimum area 0.05-1.0 
hectares, tree cover 10-30 percent and height of tree 2-5 meters). However, to cope with smallholder project, they suggest using the 
lowest values (UNFCCC/SBSTA, 2004). Detail comparison is shown in Table 1.
　　 In sum, common criteria of defining forest are minimum area, minimum height of trees, minimum canopy cover, and land 
uses. The latter criterion is referred to non-forest uses, such as agriculture or urban areas. Land converted from forest to non-forest 
uses is excluded from the forest.
　　 Accordingly, definition of deforestation is strongly based on how forest is defined and measured. Deforestation is basically 
the change of forest. FAO (2001) defines deforestation as the long-term reduction of the tree canopy cover below the minimum 10 
percent threshold. As noted above, land-use changing from forest to non-forest uses is counted as deforestation. However, 
temporary tree cutting where the forest is expected to regenerate is not considered as deforestation. UNFCCC (2006), as outlined in 
their forest definition, has a different threshold, in which deforestation is defined as a measurable sustained decreased in crown 
cover from greater than 10-30 percent to less than 10-30 percent. They also put emphasis on the direct human-induced conversion 
of forested land to non-forested land. Table 2 presents the comparison of those definitions.
　　 In academic and policy fields, the availability and reliability of data are still raised many concerns. In various studies, 
measurement of deforestation is wide-ranging, such as absolute forest cover loss, rate of forest cover loss, agricultural expansion, 
Table 1. Definitions of forest
Parameters FAO UNEP/CBD UNFCCC
Young stands Considered Considered Considered
Temporarily un-stocked areas Considered - Considered
Forestry land use Considered Considered -
Minimum area (ha) 0.5 0.5 0.05-1
Minimum height (m) 5 5 2-5
Crown cover (%) 10 10 10-30
Strip width (m) 20 - -
Source: adopted from Schoene et al. (2007). 
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wood production and percentage of forest cover over by land area (Mahapatra & Kant, 2005). Even more, a meta-analysis study by 
Choumert et al. (2013) finds that there are nearly 15 measures of deforestation, including roads and built-up areas, have been used 
by scholars. These various measurements make study on deforestation more complex (Shafik, 1994). Recently, an interesting study 
on the consequences of different measurement of deforestation is done by Romijn et al. (2013) in the case of Indonesia. Lastly, the 
main message of this complexity discussed in this section is that discourse and study of deforestation should be positioned in a 
specific context and scale, especially when it is closely related to other terms such as forest degradation (Contreras-Hermosilla, 
2000).
3. What factors affect deforestation?
　　 Deforestation involves various factors covering not only environmental aspect but also socio, economic, demographic, and 
political aspects. They are intertwined one and another in such complex non linear interaction. Scholars have tried to understand 
that complexity by developing such classification of variables attributed to deforestation, which is commonly grouped into two: the 
proximate/direct causes and the underlying/indirect causes. 
　　 Initially discussed in the context of global environmental change induced by human activities (Turner II et al., 1990), the 
classification of driving forces of deforestation under this theory becomes well-established. However, the terminology of 
underlying, which was termed as the driving force, was introduced in 1992 in an article by Meyer & Turner II (1992) published in 
Annual Review of Ecology and Systematics. The authors broadly covered global land-use and land cover change; and forest cover 
change or deforestation is one of global land cover changes. They classified factors driving global land-use/cover change into the 
proximate and the underlying sources. In the case of tree cover change, they indicate some direct sources, such as land clearing, 
ranching, timber extraction, and fuelwood extraction, whereas the underlying factors could be population growth, economic 
development, socio-cultural or technological change. Implicitly, this approach was applied to analyze the case of deforestation in 
Philippine/Southeast Asia (Kummer & Turner II, 1994). Currently, this framework, then, has been developed further by forest 
scholars (Angelsen & Kaimowitz, 1999; Contreras-Hermosilla, 2000; Geist & Lambin, 2001, 2002; Kaimowitz & Angelsen, 1998). 
　　 Briefly, the proximate cause is defined as human activities that directly change the physical environment reflected in land 
cover, which is formed by underlying driving force, the indirect factor. The proximate factor is the near-final or the final human 
Table 2. Definitions of deforestation
Parameters FAO UNFCCC
Transition from forest to non-forest Considered Considered
Land use change Considered -
Crown cover change <10% <10-30%
Only directly human-induced - Considered
Temporarily non stocked condition does not constitute deforestation Considered Considered
Source: adopted from Schoene et al. (2007). 
5 
a) Proximate-underlying    　　　　                         　　　　      b) Proximate-intermediate-underlying
Sources: a) Geist & Lambin (2002); b) Angelsen & Kaimowitz (1999), Basu & Nayak (2011).
Figure 1. Proximate and underlying causes of deforestation
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activities altering tree cover or the direct sources of deforestation at the site level. Contreras-Hermosilla (2000) classifies the direct 
causes into two main subcategories: human activity and natural causes, while Geist & Lambin (2002) more prefers to put natural 
causes as other factors. The underlying causes working in macro-level seems to be fundamental forces that promote the proximate 
causes through socio-economic processes. Angelsen & Kaimowitz (1999), then, proposed an additional layer in between, which is 
the immediate causes or termed as the intermediate causes by (Basu & Nayak, 2011). Figure 1 depicts the classification.
　　 Deforestation is, however, multifaceted process (Mahapatra & Kant, 2005; Robinson et al., 2014) covering various 
socioeconomic, demographic and environmental variables. Particularly for the underlying causes, causative relationship and links 
among them are neither one-way nor single nor linear  (Angelsen & Kaimowitz, 1999). In this context, the association between 
explanatory variables and deforestation can be in the form of dual effects, positive and/or negative signs (Mahapatra & Kant, 
2005). A brief of dual effect hypothesis of deforestation is summarized in Figure 2.
- Off-farm employment 
- Boserup effect 
- Patrolling - Intensification 
- Less fear of punishment 
+ Demand for forest products 
+ Transparency 
+ Expansion + Encroachment 
+ Malthusian effect 
DEFORESTATION
ECONOMIC 
GROWTH
DEMOGRAPHIC
INFRASTRUCTURE 
PROVISION
AGRICULTURAL 
TECHNOLOGY
GOVERNANCE 
AND 
INSTITUTIONS
Source: Mahapatra & Kant (2005).
Figure 2.  Dual effect hypothesis of proximate and underlying causes 
of deforestation
　　 Economic growth, for instance, affects deforestation into two possibilities, both positive and negative effects. Positive impact 
of increasing economic growth is hypothesized under the frontier theory. Increasing capital invested in forest frontier areas brings 
more pressure to forests. Companies, loggers, and small farmers work together - growth coalition - to expand their encroachment 
into forest areas (Molotch, 1976 in Rudel & Roper, 1997). Rural peasant and poor farmers are also organized by under bigger 
networks in exploiting their forest resources (Rudel & Roper, 1997; Walker & Smith, 1993). Additionally, rising economic growth 
increases demand for forest products, turning into more pressure for forests. On the other side, economic development could 
prevent deforestation through the process of off-farm employment creation. Wealthier level enables society to develop better forest 
management and build environmental awareness for forest conservation. Moreover, another useful theory in relation to income is 
the immiserization theory. This theory postulates that the poor tend to extract more their natural resources to meet their needs, 
resulting in expanding deforestation (Myers, 1993; Walker, 1993). Furthermore, Angelsen (2007) divides this explanation into two 
drivers, local villagers and outsiders.
　　 Scholars and decision makers have concerned about demographic factor. Since global warming is believed as the 
anthropogenic problem, more attention is paid to this aspect. A well-known hypothesis is the Malthusian perspective seeing that 
increasing population will cause more pressure on forests (Palo, 1994). In economic point of view, more population means higher 
demand for agricultural products. Those effects will incentivize people to expand agricultural activities into forest areas. However, 
adverse impact of population growth is expected under the Boserup effect arguing that more population mean more creativity, 
ideas, and technology leading to less pressure on forests (Bilsborrow & Geores, 1994). It is possible also, that increasing population 
in rural areas may be followed by rural-to-urban migration leaving more land to be forested.
　　 The Boserup hypothesis can also explain a negative effect of agricultural technology on deforestation. A new technology that 
encourages labor-intensive agricultural activities will obviously result in a less deforestation (Bilsborrow & Geores, 1994) and 
make possible for agriculture to utilize marginal land rather than forest (Mahapatra & Kant, 2005). However, the development of 
agricultural technology may also give a strong incentive for farmers to expand their agricultural land into forest areas. 
　　 Infrastructure can be the proximate and/or the underlying factors. The direct effect is through the process of forest conversion 
for the land itself and the construction process, while its indirect cause is due to better accessibility leading to non-forest land uses, 
transportation cost reduction, and land prices (Schneider, 1995). Those factors may cause more deforestation. On the other hand, 
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better infrastructure facilitates better forest management and monitoring activities, including patrolling.
　　 Political-institutional aspect is another important variable affecting deforestation. It is widely accepted that better governance 
and democratic country is associated with lower deforestation. Public scrutiny, checks and balances mechanism, and law 
enforcement are attributed to this negative relationship. However, a positive association is also possible where “(t)here is less fear 
of getting punishment due to prolonged judicial procedures” in a democratic society (Mahapatra & Kant, 2005).
　　 As discussed above, the proximate factors exist at micro or site level, while the underlying causes are at macro level. Between 
them, there are the intermediate causes of deforestation. Finally, interpretation of a certain study should be carefully conducted. 
Some suggestions should be noted: i) the underlying causes are so dynamics and causal relationship may vary across circumstances 
(Meyer & Turner II, 1992), ii) micro or macro analysis should carefully employ appropriate factors differently to avoid 
misinterpretation of study results (Angelsen & Kaimowitz, 1999).
4. Overviewing theories of deforestation
　　 Deforestation is a multi-sectoral issue, stimulating ever-growing researches. Empirical studies have been explored and 
examined to explain how deforestation has occurred, what factors affecting it and what policy can be suggested to address this 
issue. Deforestation has also thought-provoking theoretical studies, focusing on how complexity of deforestation can be explained 
and to what extent deforestation will be. Understanding theory is a fundamental and substantial in figuring out an issue. This 
section will discuss over some grand theories of deforestation. For each, the discussion will cover their original conception, basic 
notion/idea and policy derivation, including empirical studies utilizing or framed with those theories. 
4.1. Environmental Kuznets Curve (EKC) for deforestation theory: how does income affect forest cover?
　　 Among various proximate and underlying factors of deforestation, as outlined in the previous section, income or economic 
growth has been paid substantial attention. Originally adopted from economics field proposed by Kuznets (1955) who correlates 
between income and equality (the Kuznets Curve), environmental economists have developed EKC to investigate income effect on 
environmental degradation. An initial effort in examining EKC application is done by Grossman & Krueger (1991) who 
investigates the environmental impacts of trade liberalization (NAFTA).
　　 Afterwards, EKC has been applied in forestry sector, known as the EKC for deforestation, hypothesizing the similar notion of 
EKC. Theoretically, the concept of the ECK for deforestation was discussed by López (1994). As economic or income growth 
rising, deforestation will be declined when the stock effects of forest resource on agricultural production are internalized. 
According to this concept, deforestation is a function of income or economic growth forming an inverted U-shaped curve (Figure 
3.a). In the early phase of development when level of income or GDP growth is relatively low, increasing income per capita will 
accelerate deforestation rate until a certain turning point. During this early stage, deforestation is probably one of negative 
consequences of development. Then, as income rising, the rate of deforestation will decline. Increasing income would incentivize 
people to improve their forest resources and environmental quality.
 
Source: a) Culas (2012); b) Miah et al. (2011).
Figure 3.  EKC for deforestation: a) an inverted U-shaped; b) U-shaped; 
and c) N-shaped
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　　 Since EKC for deforestation has been theoretically conceptualized, many empirical studies have been carried out at various 
levels. Before 1990s, there is one study (Allen & Barnes, 1985) relating to economic growth and deforestation. However, their 
approach is a linear model by utilizing FAO data 1968-1978 found that GDP per capita is insignificantly correlated with total 
change of forests. Some empirical studies of EKC for deforestation are well-acknowledged, such as (Antle & Heidebrink, 1995; 
Bhattarai & Hammig, 2001; Cropper & Griffiths, 1994; Culas, 2007; Munasinghe, 1999; Panayotou, 1993; Shafik, 1994; Stern et 
al., 1996). 
　　 However, the existence of EKC for deforestation is mixed, ranging from no significant correlation (Antle & Heidebrink, 
1995; Shafik, 1994; Uusivuori et al., 2002) to significant existence for a specific area - Latin America and Africa (Bhattarai & 
Hammig, 2001; Cropper & Griffiths, 1994; Culas, 2007). Moreover, in some empirical studies, scholars recognize other forms than 
an inverted U-shaped curve, such as a U-shaped curve for Asia case (Bhattarai & Hammig, 2001; Culas, 2007) or N-shaped curve 
(Bhattarai & Hammig, 2001). Possible explanation for the U-shaped curve is the progress of reforestation/afforestation program 
(see Figure 3).
　　 Recently, EKC for deforestation still motivates many researches. A cross-country study by Ceddia et al. (2013) using FAO 
data 1970-2006 found the significance of income effect on deforestation. A time-series single country analysis by Esmaeili & 
Nasrnia (2014) reveals the existence of an inverted U-shaped curve with the turning point USD 24,555/capita for the case of Iran. 
A criticizing article is discussed by Mills Busa (2013) arguing that the existence of EKC for deforestation should be credited to the 
developed countries in which their imports drive deforestation in poorer countries. However, the author posits that the curve is still 
useful to see the progress of the conservation program in the developed countries. Finally, another interesting result from one of 
empirical studies found that deforestation have taken place at an earlier stage of development than heavy industrialization 
(Panayotou, 1993). This conclusion is drawn from the fact that the turning point of deforestation is relatively much less than other 
pollutants. 
　　 EKC for deforestation is about the link between development and environment. Based on this theory, there is trade-off 
between economy and environment during the development stage. In this context, seeking the win-win solution (Munasinghe, 
1999) is the main motivation of the EKC study. It is so crucial for developing countries to take lessons learned from developed 
countries experiencing some environmental damages during their early development phases. Such studies could encourage 
developing countries in restructuring their development programs towards a more sustainable development path without sacrificing 
economic goals. In sum, the EKC ”… could help the developing countries to avoid higher amount of per capita income for the 
turning points, and thereby reduce the environmental degradation in the development path …” (Culas, 2007).
　　 General and basic policy implication developed in this theory is how to flatten and/or how shift the curve so that the turning 
point can be met at less per capita income and/or at lower level of deforestation, respectively (Motel et al., 2009). Some suggestions 
are proposed by some scholars, including securing/defining clear property rights (Motel et al., 2009; Panayotou, 1993), improving 
governance quality and political institutions (Bhattarai & Hammig, 2001; Dasgupta et al., 2006; Motel et al., 2009), and promoting/
strengthening environmental regulation and standard (Munasinghe, 1999; Panayotou, 1993). However, some important notes 
should be kept in mind that: i) income or economic growth is not a panacea for environmental issue; economic policy and 
environmental policy is not substituted one and another (Arrow et al., 1995), and ii) irreversible impacts of environmental 
degradation, for example loss of biodiversity because of deforestation, must be fully taken into account; consequently, it is very 
substantial to recognize a certain critical threshold of the development process (Bhattarai & Hammig, 2001).
4.2. Forest transition theory: how does forest cover change over time?
　　 The dynamics of forest cover is also captured in time dimension, theorized as the forest transition theory. This theory was 
introduced by A. S. Mather (1992). Originally, he developed this idea based on a basic sequence of natural resource destruction and 
conservation or the depletion-melioration model proposed by Whitaker (1940) and Friedrich (1904 in Whitaker, 1940). This model 
argues that, at an early stage, natural resource destruction is inevitable to meet the human needs. Rising demand and price of 
natural resources will incentivize people to conserve and to restore their natural resources. 
　　 Then, foresters apply and develop further that idea in the context of deforestation. Forest transition theory focuses more on 
the temporal changing of forest cover or a change in forest cover trend over time (Lambin & Meyfroidt, 2010). The notion of this 
theory is to investigate ”… the transition point at the time of the lowest forest cover in a given region …” (Mather, 1992). Other 
simple understanding of this concept are: the change in forest cover from shrinking to expanding forest areas (Mather, 1992) or 
shifting from deforestation to reforestation (Lambin & Meyfroidt, 2010; Mather & Needle, 1998). Transition happens when 
declining forest cover trend reverse into increasing forest cover trend. Angelsen (2009) further describes the forest transition in the 
sequence as provided in Figure 4. After the stage when forest cover is still high and deforestation rate is low, as the development 
taking place, then forest cover and deforestation rate are low due to scarcity of forest. At the end, an increasing forest rent could 
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stimulate the transition by incentivizing forest plantation or reforestation/afforestation.
Source: adopted from Angelsen (2009)
Figure 4. Stages of forest transition
　　 Forest transition is generally considered taking place in one cycle of transition, from high forest cover to the lowest point of 
the forest cover, then increasing of forest cover. So, this U-shaped curve model basically consists of two trends or periods: forest 
decline and forest recovery (Grainger, 1995), usually in the form of U-shaped or a reverse J-shaped curve (Perz, 2007). For most 
countries, decreasing forest cover is an inevitable effect of their development processes. At early stage of development, an 
increasing population and demand of food will bring a significant pressure for forest land because of agricultural land expansion. 
Then, as countries develop further, an increasing demand for forest products and services will incentivize the process of 
reforestation.
Source: adapted from: a) Mather (1992) and b) Barbier et al. (2010).
Figure 5. Forest transition theory: a) one phase and b) two phases
　　 By examining the pattern of forest transition from different countries and regions, Barbier et al. (2010) reveal that there is 
delay time from declining to increasing trend of forest cover (see Figure 5.b). In other word, forest transition may take place in two 
phases (Figure 5). Aforementioned authors argue that delaying reforestation occurs when people still keep utilizing logged-over 
forest marginal land for farming, especially in the case of agricultural subsistence. In the context of commercial purposes, tree 
planting on marginal land may be delayed because of the delay of market signal. Moreover, a recent study finds a more complex 
pattern in which forest transition may exhibit in multiple transition phases (Yeo & Huang, 2013). This study argues that policy 
plays an important role in the forest cover transition of Mississippi.
　　 In the context of forest transition theory, to explain the transition of forest cover, scholars deepen the analysis not only on 
what factors involve, but also on how those factors form the pattern of transition. Followings items present various paths by which 
forest transition may occur. 
i) Forest scarcity path. Under this mechanism, forest transition theory is driven by underlying factors from outside forestry 
sectors. After forest resources are extracted to meet human needs, scarcer forest will induce higher price of forest products, 
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including amenity, environmental and aesthetic values of forests. Forest sector will respond to this market incentive through 
reforestation or afforestation. Still categorized under this path is the tree-based land use intensification path, when the driving 
force, market incentive, motivates people to plant high-yield tree crops, such as fruit, agroforestry, garden and so forth (Rudel 
et al., 2005).
ii) Economic development path. After extracting forest resources for development, generally, economic development generates 
off-farm opportunity jobs that, in turns, will attract rural people off of their land-based economic activities (Rudel et al., 
2005). Rural labor scarcity will induce reforestation or land conversion from agriculture into forestland uses. Furthermore, 
development could also develop better agricultural technology and agricultural intensification. This circumstance will push 
agricultural activities limited in the most suitable area; and then reforestation may have more land to take place. Concentration 
agricultural activities only in marginal land can be possible as the consequences of higher agricultural input prices and/or 
lower agricultural output prices.
iii) State forest policy path. Government plays a crucial role in changing land use cover. Since the government owns most forests, 
government has a strong political authority and policy to promote and/or de-promote forest cover. Some policies encouraging 
forest cover could be related to tourism promotion and greening country image. Reforestation and afforestation programs in 
many countries should be accredited for the government political will as well. Yeo & Huang (2013) recognize a new path, the 
forest management policy path, when the government play an important part in stirring forest transition. However, their idea 
seems similar with the state forest policy path.
iv) Globalization path. Global integration of the national economy and markets (commodities, labor, capital, tourism and idea) is 
another mechanism how forest cover is transformed over time. Four main processes are identified in this pathway: neo-liberal 
economic reforms, labor out-migration, local manifestation of conservation ideologies, and growing tourism. Globalization 
makes possible rural areas to export their forest products for global markets. Poor people migrating from rural to urban leave 
more marginal land to be converted into forest (Mather, 2007). Conversely, from-city-to-rural migration by wealthier people 
raises demands for aesthetic and environmental services provided by forests in rural areas. Global integration enables 
international organizations to disseminate environmental efforts and ideas globally. 
　　 Several recent studies apply forest transition theory to analyze land use or forest cover changes in different scales. At sub 
national level, Yeo & Huang (2013) explores a long-term pattern of forest transition in Mississippi and finds the presence of a 
repeated cycle of forest transition in this area. At national level, this approach is a focus of some studies, including Hostert et al. 
(2011) and Bae et al. (2012). The former study was conducted for the Soviet context, which experiences two different disturbances 
- political change and nuclear hazard. The authors find that effects of socio-politic-economic disturbances (political change) are 
tremendously as significant as the disturbance of technology (nuclear hazard). By analyzing the case of the development of urban 
forest in South Korea, a high economic growth country, the latter study finds that government policy can play an important role to 
transform land cover towards a higher forest cover. At regional level, a study by Munteanu et al. (2014) show how the shifts of 
socio-demographic and institutional factors can drive the pattern of forest transition in Carpathian region (Eastern and Central 
Europe). In the global level, by exploring across country data during 1990-2010, Köthke et al. (2013) confirm that global forest 
transition has been taking place at global level, finding a uniform pattern of forest decline.
　　 For the sake of academic field, forest transition approach is able to explain the extent of two important issues, forest cover 
and deforestation, over time. Another prominent position of this theory is that it can be associated with other explanatory variables. 
Accordingly, policy makers are able to derive some policy alternatives from this theory. Generally, two principal policy directions 
can be derived, which are policies to halt deforestation and policies to accelerate the transition towards increasing forest cover 
(Lambin & Meyfroidt, 2010). In doing so, some policies can be exercised which are implicitly embedded in each pathway, as 
discussed above. Nevertheless, in the field, effective way of promoting forest cover will highly be depend on the competition of 
values among different land uses (Barbier et al., 2010).
4.3. Land rent theory for deforestation: how does land use for forest compete with other land uses?
　　 The land rent approach for deforestation is deeply rooted from the land value framework developed by von Thunen in 1826. 
The core idea of this spatial economic theory of land use is that a piece of land should be allocated to the use that would generate 
the highest potential rent (Chomitz & Gray, 1996; von Amsberg, 1994). Spatially, distance or transportation cost has important 
position in this land use competition. In summary, by assuming profit maximization motivation, competition among land uses will 
be determined by which land use that yields the highest land rent/value. In Figure 5, for example, among three competing land 
uses, forest is most suited in Zone C, ceteris paribus.
　　 Adopting this theory for the forestry sector, some scholars developed its theoretical explanation (Chomitz & Gray, 1996; 
Schneider, 1995; Walker, 2004). However, we should note a working paper by von Amsberg (1994) who already considers von 
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Thunen model for his forestry research. The key to explaining changes in land uses and land cover is changes in land rent of 
different uses (Angelsen, 2007; Hyde et al., 1996). Particularly, forest could be conserved when land use for forest can generate the 
maximum value compared to other possible land uses. On the other side, reforestation could be encouraged in a given land if its 
land use for being reforested can compete with other land uses. In the case of competition between agriculture and forest land uses 
as described in Figure 6, forest land use will start to take place in the location (dotted line) where land rent of forest is higher than 
that of agriculture.
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Source: simplified from von Amsberg (1994)
Figure 6. Model of land rent for deforestation
　　 Generally, land rent could refer to rents, profits, or utility (Walker, 2004). This value can be seen in a dynamic perspective. 
Taking an example of the land competition between agricultural and forest land uses, land rents for agricultural use or forest use 
may change. Shifts of agricultural land rent might be attributed to changes in agricultural output prices, agricultural input price, 
agro-ecological condition, agricultural technology, labor wages, or transportation cost. While, forest land rent might be altered due 
to changes in forest product price, forest technology, or economic incentive introduction (Angelsen, 2007). The latter variable, 
economic compensation mechanism in the forest sector, is the most recent discussion in climate change negotiation that is REDD+ 
(reducing emissions from deforestation and forest degradation). In this notion, economic compensation can work to change the 
land rent inducing land use change for a favorable purpose. In the context of reducing deforestation, REDD+ is a proposed 
economic mechanism to compensate landholder to conserve their forest or to incentivize them to reforest their land. Shortly, it is 
the opportunity costs of forgone economic benefits from other alternative land uses to avoid deforestation (Ahrends et al., 2010).
　　 The land rent theory provides a basic explanation on how land uses changes spatially (Angelsen, 2007). This theory allows 
scholars to investigate how the landscape is determined by location. Furthermore, under this theory, to what extent the spatial 
pattern of forest exploitation will be (Ahrends et al., 2010) can be examined. For decision makers, the main policy implication 
under this approach is to change the composition of land rent in such a way that forest areas can be protected and/or reforestation 
can be feasibly promoted.
　　 Currently, the land rent theory has gained interests of several studies. Distance (to Trans-Amazon Highway) plays an 
important role for smallholders in the Amazon Basin in land allocation decision (Caldas et al., 2007), which is proven by a negative 
sign of deforestation in the distance. With regard to the relationship between distance to the capital and forest loss, similar finding 
is found in Tanzania case (Ahrends et al., 2010) and Indonesia case (Busch et al., 2012). In Costa Rica, Robalino & Pfaff (2013) 
reveal that such payment for environmental service mechanism can potentially avoid deforestation approximately 1 percent per 
year.  Similar mechanism is the interest of Barua et al. (2012) finding that, by combining it with taxation of cash-crop and forestry 
income, carbon payment can be an effective way to prevent forest clearing in Paraguay. Currently, REDD+ as an economic 
compensation has also been studied, including studies by (Busch et al., 2012; Gaveau et al., 2009). Not only for developing country 
context, the land rent concept is also used in the case of deforestation and urbanization in developed countries, such as South Korea 
(Cho et al., 2014). 
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5. Discussion and concluding remarks
5.1. Tunneling through concept
　　 The developing countries, where major tropical forests are located, could learn from the developed country experience in 
order to avoid such high development level in reducing the environmental degradation, deforestation (Munasinghe, 1999). In 
policy exercise, win-win policies, policies in such a way that higher economic level can be reached with lower environmental 
impacts, gain attention. Framed under tunneling through perspective, following discussion will elaborate more about it. This 
concept has been the interests of, at least, three authors (Culas, 2012; Mills Busa, 2013; Munasinghe, 1999). 
　　 An article by Munasinghe (1999) examines tunneling through concept in the perspective of EKC for deforestation theory. 
Since the first-best policy, which is to achieve a Pareto optimum cannot maximize welfare where an environmental externality 
presents, the author argues to exercise the second-best policy that is to seek any policy alternative to compromise economic goals 
and environmental damage.
　　 Depicted in Figure 4, policy makers should focus on how to flatten the curve, which is currently following the existing 
development path (see line 1 in Figure 7.a) that needs to meet the relatively high level of economic development before 
deforestation can be reduced. Moreover, this status quo path is obviously not sustainable since it passes through the sustainable 
threshold (Bhattarai & Hammig, 2001; Panayotou, 1993), such as biodiversity loss that is irreversible. It is essential to shift this 
existing pathway of development into more sustainable way and to avoid the peak of environmental degradation limit (see line 2 in 
Figure 7.a). In doing so, the author proposes some major policies, including ex-ante environmental assessment and strengthening 
the capacity for environmental regulation (Munasinghe, 1999). 
Source: simplified from Culas (2012) and Munasinghe (1999)
Figure 7.  Tunneling through concept on: a) EKC for deforestation theory and b) 
forest transition theory
　　 In the context of forest transition theory, different policy examination is discussed by Culas (2012) focusing on the role of 
economic incentive or the payment for ecosystem services (PES). In the forestry sector, REDD+ scheme now is in the progress to 
be an attractive economic incentive. Rather than concentrating on sustainable development policy, Culas (2012) suggests that 
introducing REDD+ could direct the existing development path (line 1 in Figure 7.b) into a path of positive forest cover change 
(line 2 in Figure 7.b).
　　 The recent idea of tunneling through the concept is put in the context of trade and consumption (Mills Busa, 2013). Based on 
his analysis, showing that import plays an important mechanism in fulfilling the fuelwood demand in the upper-middle income 
countries, he comes up with the conclusion that the consumption of wealthier countries is an important driving factor of 
deforestation in poorer countries. Hence, combined with alleviating poverty in poor countries, tunneling through EKC for 
deforestation can be accelerated by reducing consumption and/or promoting such an ecological self-sufficiency in developed 
countries. Furthermore, the author emphasizes that merely alleviating poverty without decreasing demand may intensify 
deforestation because of increasing new consumers.
　　 In summary, tunneling through perspective deals with such win-win policies, which is to reconcile between achieving 
economic development goals and avoiding environmental impacts of development. In the forestry sector, it is about how to increase 
economic development level while simultaneously avoiding deforestation. Such compromising policies seem to be practically 
implementable and politically acceptable (Culas, 2012).
5.2. Concluding remarks
　　 Deforestation is one of the global environmental issues. However, deforestation is not only an environmental problem, but 
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also a human-environment interrelated problem. It is not a local or a single national issue, but across country, regional and global 
issue. Nor it is a forestry issue, but multi-sectoral issue. Moreover, dealing with deforestation has been put into our global politics 
(Köthke et al., 2013). Deforestation consists of a complex array of various factors (Robinson et al., 2014) with nonlinear 
relationships. Deforestation gets a strong attention from numerous stakeholders, including scholars and policy makers. To explain 
that complexity, theory is a substantial basic knowledge to comprehend its issue, as well as to draw its future perspective (Rudel et 
al., 2005).
　　 The decline in forest cover of deforestation has been recognized as a long-standing issue, which has been concerned globally 
since the early 1970s (Köthke et al., 2013). Historically, all theories of deforestation, however, have been just initially developed 
since early 1990s, when global environmental negotiation has found its momentum. It reflects that manifesting a certain theory is a 
long process passing through history. Complexity of deforestation might also contribute to make this process relatively long.
　　 Reviewing theories of deforestation enables us to draw an essential motivation of all of them, which is to address 
environmental degradations in forestry sector caused by deforestation, namely biodiversity loss and greenhouse gas emission. By 
revealing and classifying direct and indirect factors leading to deforestation, policy makers is able to focus more on some strategic 
variables framed within proximate and underlying theory. EKC for deforestation provides a basic awareness of environmental 
damages during the development processes. It examines some policy alternatives to deal with environmental impacts. Time 
dimension is the focus of forest transition theory emphasizing that the unexpected deforestation or forest decline trend should be 
shifted towards forest recovery or reforestation trend. Land rent for deforestation theory is a spatial economic perspective 
elucidating how land use for forests competes with other land uses. Those theories offer different basic idea and point of view on 
deforestation. They offer different framework and approach of deforestation. Those theories, however, bring a similar important 
message, which is to address forest cover loss.
　　 Going into more detail, most variables affecting and explaining deforestation is human-related factors, such as 
macroeconomic, demographic, institution, and so forth, with some exceptions such as natural proximate factors (such as forest fire 
and drought) and the geographical condition and location for instance distance and land productivity (under land rent for 
deforestation theory). Therefore, all theories develop their debates which lie in a general belief that deforestation is a human-
induced issue, as also be indicated by UNFCCC. 
　　 Although some parallel features can be drawn, each theory has some differences. First is that each theory develops their 
discourses in different level and scope. Forest transition is a temporal approach, whereas spatial concern is obviously the interest of 
land rent for deforestation theory. In the context of economic development stage, proximate and underlying theory might encourage 
discussion both on macro and micro levels, while EKC for deforestation might be appropriately put in macro level. Secondly, each 
theory was derived and developed from different school of thoughts. Economics standpoint is the root of EKC for deforestation 
and land rent theories; while, proximate and underlying approach and forest transition theory are anchored at an ecological 
perspective.
　　 To what extent of the forestry sector should be put forward into these theoretical debates? Wang (2013) argues that since, in 
the near future, the forestry sector may be characterized by increasing demand for environmental services and environmental-
friendly products from the forests, and then economics-environment debates might be still a challenging dispute. In other word, 
contrasting with the land use competition model or land rent theory for deforestation, win-win solution seems to be a big future 
challenge in the real field. Furthermore, scholars give the impression into a conclusion that generalization should be carefully 
scrutinized. Hence, a careful examination must be thoroughly done when a certain theory will be applied for different context or 
scope, especially by considering the existence of dual effect hypothesis. Finally, realizing the fact that most of forest areas are 
owned by public or state forest, the role of the government should be strongly taken into consideration in any theoretical discourses 
or policy exercises of deforestation.
Reference
Ahrends, A., Burgess, N. D., Milledge, S. A. H., Bulling, M. T., Fisher, B., Smart, J. C. R., Clarke, G. P., Mhoro, B. E. & Lewis, S. 
L. (2010), Predictable waves of sequential forest degradation and biodiversity loss spreading from an African city. 
Proceedings of the National Academy of Sciences of the United States of America, 107(33), 14556-61.
Allen, J. C., & Barnes, D. F. (1985). The causes of deforestation in developing countries, Annals of the Association of American 
Geographers, 75(2), 163-184.
Angelsen, A. (2007). Forest Cover Change in Space and Time: Combining the von Thünen and Forest Transition (No. WPS4117), 
World Bank Policy Research Working Paper. World Bank Publications.
Angelsen, A. (2009). Introduction. In A. Angelsen, M. Brockhaus, M. Kanninen, E. Sills, & W. D. Sunderlin (Eds.), Realising 
Jarot Indarto and Dadang J. Mutaqin118
REDD+: National strategy and policy options (p. 4), Bogor, Indonesia: Center for International Forestry Research (CIFOR).
Angelsen, A., & Kaimowitz, D. (1999). Rethinking the causes of deforestation: lessons from economic models, The World Bank 
Research Observer, 14(1), 73-98.
Antle, J. M., & Heidebrink, G. (1995), Environment and Development: Theory and International Evidence, Economic Development 
and Cultural Change, 43(3), 603-625.
Arrow, K., Bolin, B., Costanza, R., Dasgupta, P. S., Folke, C., Holling, C. S., Jansson, B., Levin, S., Mäler, K., Perrings, C. & 
Pimentel, D. (1995), Economic growth, carrying capacity, and the environment, Science, 268(5210), 520-521.
Bae, J. S., Joo, R. W., & Kim, Y.-S. (2012), Forest transition in South Korea: Reality, path and drivers, Land Use Policy, 29(1), 
198-207.
Barbier, E. B., Burgess, J. C., & Grainger, A. (2010), The forest transition: Towards a more comprehensive theoretical framework, 
Land Use Policy, 27(2), 98-107.
Barua, S. K., Uusivuori, J., & Kuuluvainen, J. (2012), Impacts of carbon-based policy instruments and taxes on tropical 
deforestation, Ecological Economics, 73, 211-219.
Basu, A., & Nayak, N. C. (2011), Underlying causes of forest cover change in Odisha, India, Forest Policy and Economics, 13(7), 
563-569.
Bhattarai, M., & Hammig, M. (2001), Institutions and the Environmental Kuznets Curve for deforestation: A crosscountry analysis 
for Latin America, Africa and Asia, World Development, 29(6), 995-1010.
Bilsborrow, R., & Geores, M. (1994), Population, land-use and the environment in developing countries: What can we learn from 
cross-sectional data? In K. Brown & D. W. Pearce (Eds.), The Causes of Tropical Deforestation: The economic and statistical 
analysis of factors giving rise to the loss of the tropical forests (pp. 106-133), London: UCL Press.
Busch, J., Lubowski, R., Godoy, F., Steininger, M. K., Yusuf, A. A., Austin, K., Hewson, J., Juhn, D., Farid, M., & Boltz, F. (2012), 
Structuring national and sub-national economic incentives for REDD+ in Indonesia, Proceedings of the National Academy of 
Sciences, 109(4), 1062-1067.
Caldas, M., Walker, R., Arima, E., Perz, S. G., Aldrich, S., & Simmons, C. (2007). Theorizing Land Cover and Land Use Change: 
The Peasant Economy of Amazonian Deforestation. Annals of the Association of American Geographers, 97(1), 86-110.
Carlson, K. M., Curran, L. M., Ratnasari, D., Pittman, A. M., Soares-Filho, B. S., Asner, G. P., Trigg, S. N., Gaveau, D. L. A., 
Lawrence, D., & Rodrigues, H. O. (2012), Committed carbon emissions, deforestation, and community land conversion from 
oil palm plantation expansion in West Kalimantan, Indonesia, Proceedings of the National Academy of Sciences of the United 
States of America, 109(19), 7559-64.
Ceddia, M. G., Sedlacek, S., Bardsley, N. O., & Paloma, S. G. (2013), Sustainable agricultural intensification or Jevons paradox? 
The role of public governance in tropical South America, Global Environmental Change, 23(5), 1052-1063.
Cho, S.-H., Kim, H., Roberts, R. K., Kim, T., & Lee, D. (2014), Effects of changes in forestland ownership on deforestation and 
urbanization and the resulting effects on greenhouse gas emissions, Journal of Forest Economics, 20(1), 93-109.
Chomitz, K. M., & Gray, D. A. (1996), Roads, land use, and deforestation: A spatial model applied to Belize, The World Bank 
Economic Review, 10(3), 487-512.
Choumert, J., Motel, P. C., & Dakpo, H. K. (2013), Is the Environmental Kuznets Curve for deforestation a threatened theory? A 
meta-analysis of the literature, Ecological Economics, 90(2013), 19-28.
Contreras-Hermosilla, A. (2000), The underlying causes of forest decline (No. 30), CIFOR Occasional Paper, Bogor, Indonesia.
Cropper, M., & Griffiths, C. (1994), The interaction of population growth and environmental quality, The American Economic 
Review, 84(2), 250-254.
Culas, R. J. (2007), Deforestation and the environmental Kuznets curve: An institutional perspective, Ecological Economics, 61(2-
3), 429-437.
Culas, R. J. (2012), REDD and forest transition: Tunneling through the Environmental Kuznets Curve, Ecological Economics, 79, 
44-51.
Damette, O., & Delacote, P. (2012), On the economic factors of deforestation: What can we learn from quantile analysis?, 
Economic Modelling, 29(6), 2427-2434.
Dasgupta, S., Hamilton, K., Pandey, K. D., & Wheeler, D. (2006), Environment During growth: Accounting for governance and 
vulnerability, World Development, 34(9), 1597-1611.
Esmaeili, A., & Nasrnia, F. (2014), Deforestation and the Environmental Kuznets Curve in Iran, Small-scale Forestry.
FAO. (2001), Global Forest Resources Assessment 2000, Rome, Italy.
FAO. (2006), Global Forest Resources Assessment 2005: Progress towards Sustainable Forest Management, Rome, Italy.
FAO. (2010), Global Forest Resources Assessment 2010: Main report, Rome, Italy.
An overview of theoretical and empirical studies on deforestation 119
Gaveau, D. L. A., Wich, S., Epting, J., Juhn, D., Kanninen, M., & Leader-Williams, N. (2009), The future of forests and orangutans 
( Pongo abelii ) in Sumatra: predicting impacts of oil palm plantations, road construction, and mechanisms for reducing 
carbon emissions from deforestation, Environmental Research Letters, 4(3), 034013.
Geist, H. J., & Lambin, E. F. (2001), What Drives Tropical Deforestation? A meta-analysis of proximate and underlying causes of 
deforestation based on subnational case study evidence, Brussels, Belgium: CIACO, Louvain-Ia-Neuve.
Geist, H. J., & Lambin, E. F. (2002), Proximate causes and underlying driving forces of tropical deforestation, BioScience, 52(2), 
143-150.
Grainger, A. (1995), The forest transition: an alternative approach, Area, 27(3), 242-251.
Grossman, G. M., & Krueger, A. B. (1991), Environmental Impacts of a North American Free Trade Agreement (No. 3914), 
Cambridge.
Hostert, P., Kuemmerle, T., Prishchepov, A., Sieber, A., Lambin, E. F., & Radeloff, V. C. (2011), Rapid land use change after socio-
economic disturbances: the collapse of the Soviet Union versus Chernobyl, Environmental Research Letters, 6(4), 045201.
Hyde, W. F., Amacher, G. S., & Magrath, W. (1996), Deforestation and Forest Land Use: Theory, Evidence, and Policy 
Implications, The World Bank Research Observer, 11(2), 223-248.
IPCC. (2007), Climate Change 2007: Synthesis Report, Geneva, Switzerland.
Kaimowitz, D., & Angelsen, A. (1998), Economic Models of Tropical Deforestation: A Review, Bogor, Indonesia: Center for 
International Forestry Research (CIFOR).
Köthke, M., Leischner, B., & Elsasser, P. (2013), Uniform global deforestation patterns - An empirical analysis, Forest Policy and 
Economics, 28, 23-37.
Kummer, D. M., & Turner II, B. L. (1994), The human causes of deforestation in Southeast Asia, BioScience, 44(5), 323-328.
Kuznets, S. (1955), Economic growth and income inequality, American Economic Review, 40(1), 1-28.
Lambin, E. F., & Meyfroidt, P. (2010), Land use transitions: Socio-ecological feedback versus socio-economic change, Land Use 
Policy, 27(2), 108-118.
López, R. (1994), The environment as a factor of production: The effects of economic growth and trade liberalization, Journal of 
Environmental Economics and Management, 27(2), 163-184.
Mahapatra, K., & Kant, S. (2005), Tropical deforestation: A multinomial logistic model and some country-specific policy 
prescriptions, Forest Policy and Economics, 7(1), 1-24.
Mather, A. S. (1992), The forest transition, Area, 24(4), 367-379.
Mather, A. S. (2007), Recent Asian forest transitions in relation to forest transition theory, International Forestry Review, 9(1), 
491-502.
Mather, A. S., & Needle, C. L. (1998), The forest transition: a theoretical basis, Area, 30(2), 117-124.
Meyer, W. B., & Turner II, B. L. (1992),Human population growth and global land-use/cover change, Annual Review of Ecology 
and Systematics, 23, 39-61.
Miah, M. D., Masum, M. . F. H., Koike, M., & Akther, S. (2011), A review of the environmental Kuznets curve hypothesis for 
deforestation policy in Bangladesh, iForest - Biogeosciences and Forestry, 4(1), 16-24.
Mills Busa, J. H. (2013), Dynamite in the EKC tunnel? Inconsistencies in resource stock analysis under the environmental Kuznets 
curve hypothesis, Ecological Economics, 94, 116-126.
Motel, P. C., Pirard, R., & Combes, J.-L. (2009), A methodology to estimate impacts of domestic policies on deforestation: 
Compensated Successful Efforts for “avoided deforestation” (REDD), Ecological Economics, 68(3), 680-691.
Munasinghe, M. (1999), Is environmental degradation an inevitable consequence of economic growth: tunneling through the 
environmental Kuznets curve, Ecological Economics, 29(1), 89-109.
Munteanu, C., Kuemmerle, T., Boltiziar, M., Butsic, V., Gimmi, U., Kaim, D., Király, G., Konkoly-Gyuró, É., Kozak, J., 
Lieskovský, J., Mojses, M., Müller, D., Ostafin, K., Ostapowicz, K., Shandra, O., Štych, P., Walker, S., & Radeloff, V. C. 
(2014), Forest and agricultural land change in the Carpathian region-A meta-analysis of long-term patterns and drivers of 
change, Land Use Policy, 38(2014), 685-697.
Myers, N. (1993). Tropical forests: The main deforestation fronts. Environmental Conservation, 20(1), 9-16.
Palo, M. (1994), Population and deforestation. In K. Brown & D. W. Pearce (Eds.), The Causes of Tropical Deforestation: the 
economic and statistical analysis of factors giving rise to the loss of the tropical forests (pp. 42-56), London: UCL Press.
Panayotou, T. (1993), Empirical tests and policy analysis of environmental degradation at different stages of economic 
development (No. WEP 2-22/WP.238), Geneva, Switzerland.
Perz, S. G. (2007), Grand theory and context-specificity in the study of forest dynamics: Forest transition theory and other 
directions, The Professional Geographer, 59(1), 105-114.
Jarot Indarto and Dadang J. Mutaqin120
Robalino, J. A., & Pfaff, A. (2013), Ecopayments and Deforestation in Costa Rica: A Nationwide Analysis of PSA’s Initial Years, 
Land Economics, 89(3), 432-448.
Robinson, B. E., Holland, M. B., & Naughton-Treves, L. (2013), Does secure land tenure save forests? A meta-analysis of the 
relationship between land tenure and tropical deforestation, Global Environmental Change, 29(2014), 281-293.
Romijn, E., Ainembabazi, J. H., Wijaya, A., Herold, M., Angelsen, A., Verchot, L. V., & Murdiyarso, D. (2013), Exploring different 
forest definitions and their impact on developing REDD+ reference emission levels: A case study for Indonesia, 
Environmental Science and Policy, 33, 246-259.
Rudel, T. K., Coomes, O. T., Moran, E. F., Achard, F., Angelsen, A., Xu, J., & Lambin, E. F. (2005), Forest transitions: towards a 
global understanding of land use change, Global Environmental Change, 15(1), 23-31.
Rudel, T., & Roper, J. (1997), The paths to rain forest destruction: Crossnational patterns of tropical deforestation, 1975-90, World 
Development, 25(1), 53-65.
Schneider, R. R. (1995). Government and the economy on the Amazon frontier (No. 11). Washington DC, USA.
Schoene, D., Killmann, W., & LoycheWilkie, M. (2007), Definitional issues related to reducing emissions from deforestation in 
developing countries (No. 5), Rome, Italy.
Shafik, N. (1994), Economic development and environmental quality: an econometric analysis, Oxford Economic Papers, 46, 757-
773.
Stern, D. I., Common, M. S., & Barbier, E. B. (1996), Economic growth and environmental degradation: The environmental 
Kuznets curve and sustainable development, World Development, 24(7), 1151-1160.
Turner II, B. L., Kasperson, R. E., Meyer, W. B., Dow, K. M., Golding, D., Kasperson, J. X., Mitchell, R. C., & Ratick, S. J. (1990), 
Two types of global environmental change: definitional and spatial-scale issues in their human dimensions, Global 
Environmental Change, 1(1), 14-22.
UNEP/CBD. (2001), Indicative definitions taken from the Report of the ad hoc technical expert group on forest biological diversity. 
Available at https://www.cbd.int/forest/definitions.shtml.
UNFCCC. (2006), Background Paper for the Workshop on Reducing Emissions from Deforestation in Developing Countries (No. 
1(a)(2006)) (Vol. 1), Rome, Italy.
UNFCCC/SBSTA, Simplified modalities and procedures for small-scale afforestation and reforestation project activities under the 
clean development mechanism (2004). Available at https://unfccc.int/files/meetings/cop_11/application/pdf/cmp1_20_
simplified_modalities_small_scale_a_and_r_project.pdf.
Uusivuori, J., Lehto, E., & Palo, M. (2002), Population, income and ecological conditions as determinants of forest area variation 
in the tropics, Global Environmental Change, 12(4), 313-323.
von Amsberg, J. (1994), Economic Parameters of Deforestation (No. WPS 1350), Washington DC, USA: World Bank.
Walker, R. (1993), Deforestation and economic development, Canadian Journal of Regional Science, 16(3), 481-497.
Walker, R. (2004), Theorizing land-cover and land-use change: the case of tropical deforestation, International Regional Science 
Review, 27(3), 247-270.
Walker, R., & Smith, T. E. (1993), Tropical deforestation and forest management under system of concession logging: A decision-
theoretic analysis, Journal of Regional Science, 33(3), 387-419.
Wang, S. (2013), Forest economics in an increasingly urbanized society: The next frontier, Forest Policy and Economics, 35, 45-
49.
Whitaker, J. R. (1940), World view of destruction and conservation of natural resources, Annals of the Association of American 
Geographers, 30(3), 143-162.
Yeo, I.-Y., & Huang, C. (2013), Revisiting the forest transition theory with historical records and geospatial data: A case study from 
Mississippi (USA), Land Use Policy, 32, 1-13.
